
USOO7639646B2 

(12) United States Patent (10) Patent N0.: US 7,639,646 B2 
Schiff (45) Date of Patent: Dec. 29, 2009 

(54) SATELLITE DIVERSITY SYSTEM, FOREIGN PATENT DOCUMENTS 
APPARATUS AND METHOD 

EP 0837568 4/1998 

(75) Inventor: Leonard N. Schiff, San Diego, CA (US) W0 0205457 10002 
OTHER PUBLICATIONS 

(73) Assignee: Qualcomm Incorporated, San Diego, 
C A (Us) OA dated Dec. 24, 2008 for Korean Patent Application 10-2006 

7021424, 6 pages (English and Korean Translations). 
( * ) Notice, Subject to any disclaimer the: term Ofthis OA mailed Nov. 27, 2007 for Australian Patent Application No. 

patent is extended or adjusted under 35 325223.266’ 3 pages' . . . mailed Apr. 7, 2009 for Australian Patent Application No. 
U.S.C. 154(b) by 548 days. 2005223266, 2 pages, 

OA mailed Apr. 17, 2008 for Russian Patent Application No. 
(21) Appl- NO-I Ill/882,964 2006136424, 2 pages. 

(22) Filed: Jun. 30, 2004 * cited by examiner 

. . . Primary ExamineriErika A Gary 65 P P bl t D t 
( ) nor u lea Ion a a (74) Attorney, Agent, or FirmiTurocy & Watson, LLP 

US 2005/0207375 A1 Sep. 22, 2005 
(57) ABSTRACT 

Related US. Application Data 

(60) Provisional application NO 60 /5 5 4 222 ?led on Mar Communication diversity using a plurality of satellites is 
17 200 4 ' ’ ’ ' disclosed. The satellites can support multiple regions corre 

’ ' sponding to multiple satellite beams. Each satellite can sup 

(51) Int Cl port all regions in the reverse direction and each satellite can 
HollW'4/00 (2009 01) be designated as a primary satellite for one of the multiple 
H043 7/185 (200601) regions corresponding to one of the multiple satellite beams. 

(52) U 5 Cl 37'0/331 455/12 1_ 455/427 Each satellite can receive from any ofthe regions reverse link 
58 F: I'd "" "_ "" "s h ’ ' ’ N signals broadcast by, for example, a mobile station. Each 

( ) gm 0 1, a_ssl ?clat?" earcl """" """ " one satellite can communicate the receivedreverse link signals to, 
ee app Icanon e or comp ete seam may for example, a base station or gateway where the signals can 

(56) References Cited be combined to increase signal quality. A mobile station 

U.S. PATENT DOCUMENTS 
receives forward link signals from the primary satellite and 
monitors a signal quality from the primary satellite and from 
a secondary satellite. If the signal quality from the primary 

5,796,760 A 8/1998 Wiedeman et a1. _ _ _ 
5 841766 A * 11/1998 Dent et al. ................ .. 370/321 satelhte drops below a tthhOld value, the commumcanon 

6 138 012 A * 10/2000 Krutz etal. ............... .. 455/427 Signal is tranSferred ‘0 the secondary satellite 

6,314,269 B1 11/2001 Hart et al. 
6,567,645 B1 * 5/2003 Wiedeman et a1. ....... .. 455/121 27 Claims, 5 Drawing Sheets 

y—www l 
510 
\ Provide Signal to Primary 

Satellite Repeater Provide Signal to Secondary 542 
I Satellite 

520 l 
\\ Receive Pilot RSSI Value 550 

¢ Receive Pilot RSSI Values j 

522 Compare Primary Pilot RSSI i 
to Threshold Compare Primary Pilot RSSI 552 

to Threshold J 

540 Terminate Signal to Primaw 
Satellite 570 

Set Up Primary Channel J 

574 l 
Terminate Signal to Provide Signal to Primary 572 
Secondary Satellite Satellite Repeater 



US 7,639,646 B2 Sheet 1 0f 5 Dec. 29, 2009 US. Patent 

mv 

GE 



US. Patent Dec. 29, 2009 Sheet 2 0f5 US 7,639,646 B2 

0 

N 

244b 

il , 24Gb 
250 

[, 220 244a 
246a FIG. 2 

248b 

-' 2488 
242b 

K, 0 242a 
240 









US 7,639,646 B2 
1 

SATELLITE DIVERSITY SYSTEM, 
APPARATUS AND METHOD 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 60/554,222, ?led Mar. 17, 2004; entitled 
METHOD AND APPARATUS FOR PROVIDING SATEL 
LITE DIVERSITY, which is hereby incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE DISCLOSURE 

Communication satellites provide communication support 
for a wide region. Typically the supported region is an area on 
the surface of the earth that lies within the beam of a satellite 
that is directed towards the earth. The region can be relatively 
stationary such as when the communication satellite is a 
geostationary satellite. The region may vary over time such as 
when the communication satellite is a low earth orbit (LEO) 
satellite. Some systems may require numerous satellites each 
having multiple beams. Other communication systems may 
use a single satellite covering a wide coverage area in a single 
beam. For example, a communication system may use a 
single communication satellite having a beam that covers a 
region that includes the entire continental United States. 

The reliability of a satellite is of utmost concern because 
communication satellites often are used to provide critical 
communication links. The remote nature of a communication 
satellite combined with the extended period of time needed to 
put a replacement satellite into space makes the satellite a 
single point whose failure can bring down communication 
channels for an extended period of time. To alleviate the 
single point failure nature of a communication satellite, com 
munication system designers often provide an in-orbit spare 
satellite in order to maintain the communication channels in 
case the operating satellite fails. The spare satellite is not 
normally used for communications, but is used to provide 
system redundancy. If the operational satellite should fail, the 
communications are switched to the in-orbit spare in order to 
maintain communications. The failed satellite can then be 
repaired or decommissioned. Another in-orbit spare can then 
be placed into space to provide a redundant communication 
satellite. 

In satellite communication systems where a single com 
munication satellite can support a region as large as the con 
tinental United States, the in-orbit spare represents a large 
system cost that provides a disproportionately small bene?t. 
It would be advantageous to reduce the system burden of a 
dormant in-orbit spare. 

BRIEF SUMMARY OF THE DISCLOSURE 

A system, apparatus and method for communication diver 
sity using a plurality of satellites is disclosed. The satellites 
can support multiple regions corresponding to multiple sat 
ellite beams. Each satellite can support all regions in the 
reverse direction and each satellite can be designated as a 
primary satellite for one of the multiple regions correspond 
ing to one of the multiple satellite beams. 

In the reverse link direction from, for example, a mobile 
station to the satellite, each satellite can receive from any of 
the regions reverse link signals broadcast by the mobile sta 
tion. Each satellite can communicate the received reverse link 
signals to, for example, a base station or gateway where the 
signals can be combined to increase signal quality. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
In the forward link direction, the base station or gateway 

broadcasts a signal to a satellite that can be relayed to the 
mobile station. A mobile station receives forward link signals 
from the primary satellite and monitors a signal quality from 
the primary satellite and from a secondary satellite. If the 
signal quality from the primary satellite drops below a thresh 
old value, the communication signal is transferred to the 
secondary satellite. 

In one aspect, the disclosure includes a satellite diversity 
system including a ?rst satellite con?gured to provide a ?rst 
beam as a primary beam supporting a ?rst region, a second 
satellite con?gured to provide a second beam as a secondary 
beam supporting a region substantially overlapping the ?rst 
region, and a ground station. The ground station is con?gured 
to transmit a signal to the ?rst region via the ?rst satellite 
during a period of time when a communication path through 
the ?rst satellite is not degraded, and con?gured to transmit 
the signal to the ?rst region via the second satellite during the 
period of time that the communication path through the ?rst 
satellite is degraded. 

In another aspect, the disclosure includes a satellite diver 
sity system including a gateway transceiver con?gured to 
selectively transmit a forward link signal to one or both of a 
?rst satellite and a second satellite, a quality of service mod 
ule coupled to the gateway transceiver and con?gured to 
determine if a communication path through the ?rst satellite 
is degraded, and a link control module coupled to the quality 
of service module and con?gured to control the gateway 
transceiver to transmit the forward link signal to the ?rst 
satellite to be relayed to a mobile station if the communication 
path through the ?rst satellite is not degraded, and con?gured 
to control the gateway transceiver to transmit the forward link 
signal to the second satellite to be relayed to the mobile 
station if the communication path through the ?rst satellite is 
degraded. 

In still another aspect, the disclosure includes a satellite 
diversity system including a ?rst satellite having a ?rst beam 
providing coverage for a ?rst region and a second beam 
providing coverage for a second region, the ?rst satellite 
con?gured as a primary satellite for the ?rst region and a 
secondary satellite for the second region, a second satellite 
having a ?rst beam providing coverage for a third region that 
substantially overlaps the ?rst region and a second beam 
providing coverage for a fourth region that substantially over 
laps the second region, the second satellite con?gured as a 
primary satellite for the fourth region and a secondary satel 
lite for the third region, and a ground station con?gured to 
transmit a ?rst signal to a ?rst mobile station in an overlap 
ping portion of the ?rst and third regions via the ?rst satellite 
when a signal metric reported by the ?rst mobile station is 
greater than a predetermined threshold, and con?gured to 
transmit the ?rst signal to the ?rst mobile station via the 
second satellite when the signal metric is not greater than the 
predetermined threshold. 

In yet another aspect, the disclosure includes a method of 
providing satellite diversity. The method includes transmit 
ting a signal to a receiver positioned in a ?rst geographic 
region using a ?rst satellite, determining if a communication 
link from the ?rst satellite to the receiver is degraded, and 
transmitting the signal to the receiver using a second satellite 
if the communication link from the ?rst satellite is degraded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of embodiments of 
the disclosure will become more apparent from the detailed 
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description set forth below when taken in conjunction with 
the drawings, in which like elements bear like reference 
numerals. 

FIGS. 1A-1B are functional diagrams of satellites having 
one or more beams con?gured to provide area coverage. 

FIG. 2 is a functional block diagram of an embodiment of 
a satellite diversity system. 

FIG. 3 is a functional block diagram of an embodiment of 
a satellite diversity system. 

FIG. 4 is a ?owchart of an embodiment of a method of 
providing satellite diversity. 

FIG. 5 is a ?owchart of an embodiment of a method of 
providing satellite diversity. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

The disclosed system and method of providing diversity in 
a satellite communication system can use a plurality of satel 
lites, each satellite having multiple beam patterns providing 
communication support for a corresponding number of 
regions. Each satellite can be con?gured to be a primary 
communication satellite for at least one of the regions sup 
ported by the multiple beams. The beams and satellites are 
typically allocated such that each beam within the aggregate 
service area has a satellite assigned as the primary satellite for 
that beam. Additionally, for each of the beams, a satellite 
different from the primary satellite is assigned as a secondary 
satellite for the region supported by the beam. 
The satellite communication system can implement differ 

ent signal processing depending on the communication link 
direction. A forward link direction typically refers to a com 
munication link from a stationary base station or gateway to a 
mobile station, and may occur via the satellite. A reverse link 
direction typically refers to a communication link from the 
mobile station to the base station or gateway, and may also 
occur via the satellite. 

In the reverse link, each satellite can receive signals from 
mobile stations in one or more of the beams, including beams 
covering regions for which the satellite is not designated as 
the primary satellite. The satellites can then transmit the 
reverse link communication to the base station or gateway. 
The base station or gateway can combine the signals to 
increase the signal quality. If the reverse link signal from one 
of the mobile stations to one satellite is occluded or somehow 
degraded, the reverse link signal will likely be transmitted by 
another satellite, ensuring a communication link between the 
mobile station and the base station or gateway. The likelihood 
is low that all of the reverse link signals will be degraded to the 
extent that the base station or gateway is not able to recover 
the reverse link communication. 

In the forward link direction, the base station or gateway 
transmits the forward link signal to one or more satellites. The 
primary satellite assigned to the region having the mobile 
station relays the forward link signal to the mobile station. 
Typically, the other satellites do not transmit the forward link 
signals to the regions for which the satellite is not designated 
the primary satellite. However, the satellites may continue to 
transmit overhead channels, which may include pilot, sync, 
and paging channels, to regions where the satellites are not 
designated as primary satellites. 
A mobile station receiving the forward link transmissions 

may determine a signal quality of the received signal. The 
mobile station may also determine the signal quality of one or 
more of the overhead channels transmitted by the non-pri 
mary satellites. The mobile station may report signal quality 
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4 
values back to the base station or gateway. For example, the 
mobile station may report the signal quality values as part of 
a power control loop. 

If the forward link signal transmitted by the primary satel 
lite is degraded, such as by an obstruction or a degradation in 
the satellite, the mobile station can report the degraded signal 
quality to the base station. The base station can determine, 
based in part on the signal quality values, if the signal quality 
transmitted by the primary satellite has degraded below an 
acceptable level. The base station can con?gure the secondary 
satellite, or one or more of the non-primary satellites, to 
broadcast the forward link signal to the mobile station if the 
signal quality from the primary satellite is no longer accept 
able. Thus, the base station can con?gure a satellite to broad 
cast a forward link signal in a beam for which the satellite is 
not the primary satellite. The secondary satellite can be con 
?gured to provide a relatively high probability of availability. 
Therefore, if the forward link signal from the primary satellite 
is occluded or otherwise degraded, the system can switch the 
forward link signal to the secondary satellite and have a high 
likelihood that the communication link will remain con 
nected. 

FIG. 1A is a functional diagram of the satellite con?gura 
tion of a prior art satellite communication system 100. The 
system 100 includes a ?rst communication satellite 110 that is 
con?gured to provide coverage for a region 112 correspond 
ing to a beam of an antenna radiation pattern. In some 
embodiments, the beam may substantially illuminate a region 
as large as the continental United States. Although shown as 
a single beam, it is generally understood that a beam can be 
implemented as a plurality of beams collectively illuminating 
a region substantially equivalent to a larger region. Thus, the 
beam from the ?rst communication satellite 110 can include 
a plurality of beams providing support for the region 112. 
A second communication satellite 120 is con?gured as an 

in-orbit spare. The second communication satellite 120 is 
con?gured to provide coverage for a second region 122 that 
substantially overlaps the ?rst region 112 supported by the 
?rst communication satellite 110. 

During normal operations, the ?rst communication satel 
lite 110 is con?gured to complete the communication links 
for all communication channels in the system 100. The sec 
ond communication satellite 120 remains dormant or other 
wise inactive as an in-orbit spare. As noted earlier, the second 
communication satellite 120 is used to assure coverage in 
case of a failure of the ?rst communication satellite 110. If the 
?rst communication satellite 110 should fail, the second com 
munication satellite 120 could be activated to continue pro 
viding support for communications. 

FIG. 1B is a functional block diagram of the satellite con 
?guration of a communication system 200 in which multiple 
satellites provide for system redundancy while improving the 
quality of the communication links supported by the system 
200. The system 200 includes a ?rst communication satellite 
having ?rst and second beams that respectively illuminate 
?rst and second regions 212 and 214. The system 200 also 
includes a second communication satellite 220 having ?rst 
and second beams that respectively illuminate ?rst and sec 
ond regions 222 and 224. In one embodiment, the ?rst and 
second regions 212 and 214 supported by the ?rst satellite 210 
substantially overlap the ?rst and second regions 222 and 224 
supported by the second satellite 220. As noted earlier, any of 
the beams may include one or more beams con?gured to 
illuminate the region. 

Unlike the prior art system shown in FIG. 1A, the commu 
nication system 200 of FIG. 1B uses both satellites 210 and 
220 to support communication links. The ?rst communica 
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tion satellite 210 can be con?gured to receive reverse link 
signals from its supported regions 212 and 214 and relay them 
to one or more ground stations (not shown). Similarly, the 
second communication satellite 220 can be con?gured to 
receive reverse link signals from its supported regions 222 
and 224 and relay them to one or more ground stations (not 
shown), which may in some cases include one or more ground 
stations communicating with the ?rst communication satel 
lite 210. 

In the forward link direction, each of the communication 
satellites 210 and 220 is designated as a primary satellite for 
one or more of the regions. In one embodiment, the ?rst 
communication satellite 210 can be designated the primary 
satellite for the ?rst region 212 and can be designated a 
secondary satellite for the second region 214. Similarly, the 
second communication satellite 220 can be designated the 
primary satellite for the second region 224 and a secondary 
satellite for the ?rst region 222. Therefore, the second com 
munication satellite 220 serves as the secondary satellite for 
the region 212 where the ?rst communication satellite 210 is 
the primary satellite. Similarly, the ?rst communication sat 
ellite 210 serves as the secondary satellite for the region 224 
where the second communication satellite 220 is the primary 
satellite. 
The primary satellite transmits strong overhead signals to 

the region for which it is designated the primary satellite and 
transmits a weaker overhead signal to the region for which the 
satellite is designated the secondary satellite. The overhead 
signals can include, for example, pilot, paging, and sync 
channels. 
Under typical operating conditions, the primary satellite 

transmits the forward link signal to the region for which it is 
the primary satellite and does not transmit traf?c signals 
destined for the regions for which the satellite is not the 
primary satellite. Thus, for a given region, a primary satellite 
transmits strong overhead signals and transmits traf?c chan 
nels to receivers within the region. A secondary satellite trans 
mits weaker overhead signals to the region, but ordinarily 
does not transmit tra?ic channels to the region. 

However, if a receiver in a region experiences a loss of 
signal quality, for example, due to a loss of signal strength 
from the primary satellite, the system 200 can switch or 
otherwise transfer the communication link to the secondary 
satellite. Therefore, when a communication link from a pri 
mary satellite is degraded, the communication link can be 
switched to or otherwise transferred to a secondary satellite 
providing coverage to the region. The communication link 
can be transferred back to the primary satellite when the 
communication link from the primary satellite recovers from 
the degraded condition. 

In one embodiment, the ?rst communication satellite 210 
can have two beams that illuminate the continental United 
States. A ?rst region 212 can be, for example, the western 
continental United States and a second region 214 can be, for 
example, the eastern continental United States. The second 
communication satellite 220 can be con?gured to have two 
beams that illuminate regions that substantially overlap the 
regions of the ?rst communication satellite 210. Thus, the ?rst 
region 222 of the second communication satellite 220 can 
cover the western continental United States and can sub stan 
tially overlap the ?rst region 212 of the ?rst communication 
satellite 210. The second region 224 of the second commu 
nication satellite 220 can cover the eastern United States and 
can substantially overlap the second region 214 of the ?rst 
communication satellite. 

The ?rst communication satellite 210 can be con?gured to 
be the primary satellite for the eastern United States and can 
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6 
be the secondary satellite for the western United States. The 
second communication satellite 220 can be con?gured to be 
the primary satellite for the western United States and can be 
the secondary satellite for the eastern United States. 

In the reverse link direction, both the ?rst and second 
communication satellites 210 and 220 can receive transmis 
sions from both of the regions and can relay the signals to the 
appropriate ground stations. In the forward link direction, the 
?rst communication satellite 210 transmits relatively strong 
overhead signals to its second region 214. The ?rst commu 
nication satellite 210 also transmits the traf?c channels to its 
second region 214. The second communication satellite 220 
transmits relatively weak overhead signals to its second 
region 224 and does not transmit tra?ic channels to its second 
region 224 unless the forward link signal from the ?rst com 
munication satellite 210 is degraded. 

In this embodiment, forward link operation in the western 
United States is similar except the second communication 
satellite 220 broadcasts the stronger overhead signals and 
takes primary responsibility for the traf?c channels. The ?rst 
communication satellite 210 broadcasts relatively weaker 
overhead signals and transmits to the region those traf?c 
channels switched to it due to degraded conditions on the 
second communication satellite 220. 
Using the above described embodiment, each of the satel 

lites can be con?gured to operate as in-orbit spares for the 
other satellite, while providing communication bene?ts not 
available in a dormant spare satellite system. As both satel 
lites approach one-half loading, a third satellite can be placed 
into orbit as a dormant spare, or may be integrated into the 
system 200 using additional beam assignments. The addi 
tional satellite can be used to ensure that full traf?c can 
continue if one satellite fails. This is similar to the conven 
tional approach having a single satellite and an inactive in 
orbit spare, where at least one additional satellite is needed 
when the communication load approaches the limit of the 
single active satellite. 
Although the embodiment shown in FIG. 1B shows two 

satellites 210 and 220 with each satellite having two beams, 
other embodiments can use more than two satellites and each 
satellite can have more than two beams. For example, a sys 
tem may include three satellites and each of the satellites can 
have a plurality of beams. Each satellite can be con?gured to 
be a primary satellite for one or more of the regions supported 
by the plurality of beams. Typically, each region has one 
primary satellite. Each satellite can also be con?gured to be a 
secondary satellite for one or more regions supported by the 
plurality of beams for which the satellite is not con?gured to 
be a primary satellite. In some embodiments, more than one 
satellite can be designated as secondary satellites for a par 
ticular region. In other embodiments, each region has one of 
the multiple satellites con?gured as a secondary satellite. In 
still other embodiments, the satellites can be ranked in a 
hierarchy, such that a region is supported by multiple satel 
lites in the order of the hierarchy. 

FIG. 2 is a more detailed functional block diagram of a 
communication system 200 showing multiple satellites con 
?gured to provide redundant communication links to a 
region. The system 200 shown in FIG. 2 can be, for example, 
the same as the system shown in FIG. 1B. Although multiple 
regions may be supported by the system, a single region is 
shown for the purposes of clarity. 
The communication system 200 of FIG. 2 can be, for 

example, a satellite telephone system, a satellite data com 
munication system, such as a computer network having sat 
ellite links within the network, and the like, or some other 
type of communication system. The communication system 
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200 can include a ?rst communication satellite 210 operating 
as a primary satellite and a second communication satellite 
220 operating as a secondary satellite. In this embodiment, 
the term primary refers to the satellite’s designation as the 
primary satellite for the region shown in FIG. 2. Similarly, the 
term secondary refers to the satellite’s designation as the 
secondary satellite for the region shown in FIG. 2. A satellite 
that is the primary satellite for one region may be a secondary 
satellite for another region. Similarly, a satellite that is the 
secondary satellite for a region may be a primary satellite for 
another region. The satellites 210 and 220 can be, for 
example, geostationary satellites, medium earth orbit satel 
lites, low earth orbit satellites, or satellites in some other orbit. 

The system 200 also includes a ground station 240 that may 
be, for example, a base station, gateway, and the like, or some 
other system apparatus for interfacing with a ground commu 
nication system. The system 200 may include multiple 
ground stations 240. Only one ground station 240 is shown for 
the sake of brevity. The ground station 240 can provide the 
interface between the satellites 210 and 220 and the remain 
der of the communication system (not shown). For example, 
where the communication system 200 is a telephone system, 
the ground station 240 can be a satellite gateway that inter 
faces to a mobile controller and Public Switched Telephone 
Network (PSTN). In other embodiments, the ground station 
240 can be an Internet gateway that interfaces the satellite 
communications to a network, such as the Internet. 

The system 200 can include one or more mobile stations 
250, although only one is shown in FIG. 2. The mobile station 
250 can be, for example, a portable telephone, portable com 
munication device such as a notebook computer or personal 
digital assistant, a ?xed wireless device, and the like, or some 
other communication device. 

In the embodiment shown in FIG. 2, communications 
between the ground station 240 and the mobile station 250 
may occur over one or more satellite links. In the reverse link 

direction, each communication satellite 210 and 220 receives 
the signal from all beams and relays these signals to the 
ground station 240 where they can be combined. The mobile 
station 250 typically transmits the reverse link signals using a 
broad beam antenna that permits the signal to be transmitted 
or received simultaneously from multiple satellites. 

The ?rst communication satellite 210 relays a ?rst reverse 
link signal 24611 from the mobile station 250 as a ?rst satellite 
reverse link signal 24811 to the ground station 240. The second 
communication satellite 220 relays a second reverse link sig 
nal 24619 from the mobile station 250 as a second satellite 
reverse link signal 248!) to the ground station 240. The ground 
station 240 can then combine the satellite reverse link signals 
248a and 24819 to improve the signal to noise ratio (SNR) of 
the reverse link signal. 

Diversity combining in the reverse direction essentially 
provides a “free” bene?t as the signal from the mobile station 
250 reaches the satellites 210 and 220 regardless of whether 
the satellite relays the signal to the ground station 250. The 
satellites 210 and 220 use a negligible amount of power to 
relay the reverse link signals 24811-th the ground station 240. 
Combining the signals at the ground station 240 can provide 
up to 3 dB more SNR, assuming equal strength signals reach 
the satellites 210 and 220. The improvement can be 3 dB for 
signaling protocols such as Code Division Multiple Access 
(CDMA) 2000 where the ground station 240 or some subse 
quent signal processing stage can perform coherent combin 
ing. The improvement can be approximately 1.8 dB gain if 
non-coherent combining is used. 

In other embodiments, the satellites 210 and 220 and the 
ground station 240 can be con?gured to receive multiple 
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8 
polarizations, for example Left Hand Circular (LHC) and 
Right Hand Circular (RHC) or vertical and horizontal, for 
diversity combining at the ground station 240. The satellites 
210 and 220 may be con?gured to receive and relay multiple 
signal polarities in order to extract every bit of power out of 
the signal. 

Combining the reverse link signals 248a-b from both sat 
ellites 210 and 220 costs the system 200 almost nothing in 
power. However, signal combining in the reverse link direc 
tion provides up to a 3 dB gain in SNR if neither signal is 
blocked. Satellite diversity is achieved such that if one reverse 
link signal path is blocked the communication link can con 
tinue over the redundant link. In some embodiments, the 
system 200 may direct the mobile station 250 using a power 
control technique to increase the mobile station 250 transmit 
power in order to restore the SNR if one link is lost. 

In one embodiment, the system 200 can operate the for 
ward link in a manner similar to the reverse link. The ground 
station 240 can transmit forward link signals 24211-th both 
satellites 210 and 220 and the satellites 210 and 220 can relay 
the forward link signals 24411-th the mobile station 250. The 
mobile station 250 can then individually track the forward 
link signals 244a-b and combine them at the mobile station 
250. 

However, in the forward direction there is a tradeoff 
between power and diversity. It may be advantageous for the 
system 200 to implement diversity for the condition where 
one of the paths is suddenly blocked. The forward link 
embodiment that mirrors the reverse link signaling can 
accomplish diversity by con?guring both satellites 210 and 
220 to illuminate the mobile station 250. However, such an 
embodiment requires increased satellite power. 

Each satellite 210 and 220 typically cannot be con?gured 
to supply only one-half the power radiated by a single satellite 
con?guration. Providing one-half the power in each satellite 
210 and 220 would result in the same total power over both 
satellites compared to a single satellite transmitting the sig 
nal. However, in multiple satellite con?gurations, each satel 
lite has to transmit considerable more than one-half the power 
of an equivalent signal satellite system. 
Each satellite 210 and 220 typically needs to be con?gured 

to transmit greater than one-half the power of an equivalent 
single satellite system because the signal from each satellite, 
for example 210, represents an interference signal for the 
signal transmitted by the other satellite, for example 220. For 
example, a mobile station 250 receiving both signals in a 
CDMA based system, has separate ?ngers of a RAKE 
receiver receiving one of the reverse link signals. Each ?nger 
of the RAKE receiver sees the other signal as interference. 
Thus, the diversity gain of multiple simultaneous forward link 
satellite signals comes at the cost of more satellite power. 
Another embodiment of the system 200 of FIG. 2 capital 

izes on the bene?ts of diversity gain yet uses very little more 
power in the satellites 210 and 220. In the embodiment, one of 
the satellites, for example 210, takes primary responsibility 
for providing service to a given region on the ground, which 
may represent a cell of a cellular communication system. The 
two satellites 210 and 220 can divide the communication 
responsibilities with each taking primary responsibility for 
half the cells. 
The primary satellite, here the ?rst communication satellite 

210, communicates the overhead signals to the region. The 
overhead signals can include, for example, pilot, paging, and 
sync (PPS) channels. The sync channel can include, for 
example, a timing reference signal, and a paging channel can 
include, for example, control signaling messages directed to 
the mobile station 250. The satellite con?gured as the primary 
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satellite, for example the ?rst communication satellite 210, 
can be con?gured to transmit the overhead signals with much 
greater power than is typically required to complete the com 
munication link to the mobile station 250 in a clear or 
unblocked condition. For example, the ?rst communication 
satellite 210 can be con?gured to transmit the PPS signals as 
relatively strong signals. To ensure a robust link, the ?rst 
communication satellite 210 can be con?gured to transmit 
relatively strong PPS signals that are elevated approximately 
5-10 dB over the minimum power level required to complete 
a communication link with the mobile station 250. Of course, 
the ?rst communication satellite 210 is not limited to trans 
mitting at an elevated level that is 5-10 dB above the mini 
mum power level, but may be con?gured to transmit at a level 
that is greater than the minimum power level by a predeter 
mined link margin. The predetermined link margin may be a 
static level or may vary. For example, the value of the link 
margin may vary over time. The link margin may be set to, for 
example, 5 dB, 6 dB, 7 dB, 8 dB, 9 dB, or 10 dB. The primary 
satellite can be con?gured to transmit the signals at a rela 
tively strong level that is above the minimum link require 
ment such that there is a high likelihood the mobile station 
250 can receive the signals through obstructions. 

The secondary satellite, here the second communication 
satellite 220, is also con?gured to transmit the overhead pilot, 
paging and sync (PPS) signals to the region. However, the 
overhead PPS signals on the secondary satellite need not be 
transmitted at an elevated level. In one embodiment, the over 
head signals from the second communication satellite 220 
can be transmitted at as low as one decibel or two decibel 

above the minimum link requirement in order to allow for 
Rician fading. In another embodiment, the second communi 
cation satellite 220 can be con?gured to transmit the PPS 
signals at a level suf?cient to provide a 90% reliability. The 
two satellites 210 and 220 covering the region can be con?g 
ured, for example, to use different spreading codes. 

If the mobile station 250 is able to receive signals from both 
satellites 210 and 220, the communication link such as a call 
is set up on the primary satellite 210 using its paging channel. 
The forward link tra?ic channel is set up using the primary 
satellite, here the ?rst communication satellite 210. If none of 
the communication links from the primary satellite to the 
associated mobile station 250 is blocked, then the power on 
the secondary satellite remains the relatively small PPS 
power. Therefore the signals from the secondary satellite, 
here the second communication satellite 220, contributes 
little interference at the mobile station 250 to the forward link 
signal from the ?rst communication satellite 210. However, if 
the mobile station 250 communicating on the traf?c channel 
over the ?rst communication satellite 210 experiences suf? 
ciently high blockage, the communication link can be trans 
ferred to the secondary satellite. 

FIG. 3 is a functional block diagram of an embodiment of 
the communication system 200 and can represent the com 
munication system 200 of FIG. 2. As shown in previous 
functional block diagram, the communication system 200 
includes a ground station 240 in communication with a ?rst 
communication satellite 210 and a second communication 
satellite 220. The two satellites 210 and 220 are also in com 
munication with a mobile station 250. The number of ground 
stations 240, satellites 210 and 220, and mobile stations 250 
are not limited by the numbers shown in the functional dia 
gram. A minimal number of system 200 elements are shown 
for ease of discussion. 

The ground station 240 can include a gateway transceiver 
310 con?gured to communicate over the forward and reverse 
links with the satellites 210 and 220. The ground station 240 
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can also include a quality of service (QoS) module 312 con 
?gured to determine a quality of service indication or value 
corresponding to the communication links to the mobile sta 
tion 250. For example, the QoS module 312 can be con?gured 
to determine a signal metric from a signal transmitted by the 
mobile station 250 that is indicative of the signal quality 
received from the satellites 210 and 220. The QoS module 
312 can communicate the signal metric or a signal determined 
from the signal metric to a link control module 314. 
The link control module 314 can be con?gured to deter 

mine, based in part on the signal metric, which satellite 210 or 
220 is to be con?gured to transmit the forward link signal to 
the mobile station 250. The link control module 314 can be 
con?gured to control the gateway transceiver 310 to transmit 
the forward link signal to the mobile station 250 using the 
primary or secondary satellite. In one embodiment, the link 
control module 314 can be con?gured to set a ?ag or indicator 
that informs the gateway transceiver 3 1 0 of the satellite to use. 
In another embodiment, the link control module 314 can be 
con?gured to provide an address to the gateway transceiver 
310 that directs the forward link communication to the 
desired satellite. The gateway transceiver 310 may transmit 
the forward link signal to multiple satellites 210 and 220, but 
the signal may be relayed by the desired satellite based on 
contents of the transmitted signal. In still other embodiments, 
the link control module 314 may communicate the desired 
satellite to the gateway transceiver 310 in some other manner. 
Each of the satellites 210 and 220 can be, but are not 

required to be, con?gured similarly. The ?rst communication 
satellite 210 can include a forward link transceiver 320 con 
?gured to receive the forward link signals from the ground 
station 240 and relay them to the desired mobile station 250 in 
the desired region. The ?rst communication satellite 210 can 
also include a reverse link transceiver 322 con?gured to 
receive reverse link communications transmitted by the 
mobile station 250 in any supported region and relay them to 
the ground station 240. The second communication satellite 
220 similarly can include a forward link transceiver 330 and 
a reverse link transceiver 332. 
The mobile station 250 can include a mobile transceiver 

340 that is con?gured to receive the forward link signals 
transmitted by the satellites 210 and 220. The mobile trans 
ceiver 340 can be con?gured to convert the received forward 
link signals to baseband signals that are processed by a base 
band processor 350. The mobile transceiver 340 can also be 
con?gured to receive baseband signals from the baseband 
processor and convert the baseband signals to reverse link 
signals that are transmitted to the satellites 210 and 220. 
The baseband processor 350 can include one or more mod 

ules con?gured to determine the quality of the forward link 
signals received from the satellites 210 and 220. In one 
embodiment, the baseband processor 350 can include a ?rst 
received signal strength indicator (RSSI) module 352 con?g 
ured to determine a signal strength of the forward link pilot 
signal from the ?rst communication satellite 210. The base 
band processor 350 can also include a second RSSI module 
354 con?gured to determine a signal strength of the forward 
link pilot signal from the second communication satellite 220. 
The baseband processor 350 can also include a processor 360 
and memory 362. The processor 360 in conjunction with one 
or more processor readable instructions stored in memory 
362 can perform some or all of the functions of the RSSI 
modules 352 and 354. 
The mobile station 250, using the RSSI modules 352 and 

354, monitors the received pilot signals and determines a 
signal quality such as a RSSI. The mobile station 250 can 
report the RSSI values back to the ground station 240. In one 
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embodiment, the mobile station 250 reports the RSSI values 
back to the ground station 240 using one or more of the 
overhead channels. For example, the mobile station 250 can 
be con?gured to transmit the RSSI values on a paging channel 
that is transmitted from the mobile station 250 over the sat 
ellites 210 and 220 to the ground station 240. The ground 
station 240 can compare the received RSSI values against 
predetermined thresholds and determine if the forward link 
communication should be transferred to the secondary satel 
lite. Because the satellites 210 and 220 can be con?gured to 
transmit different pilot power levels to the same region, the 
predetermined thresholds may be different from the ?rst sat 
ellite 210 and the second satellite 220. 

If the pilot strength report indicates that the primary path 
has slight attenuation, the communication can still continue 
on the primary satellite. The ground station 250 can be con 
?gured to keep the secondary satellite largely free of traf?c in 
part to reduce its interference contribution to signals from the 
primary satellite. At the point at which the RSSI value 
reported for the primary satellite no longer exceeds the pre 
determined threshold, the system 200 may determine that the 
blockage or degradation of the primary path is large enough 
such that the power to overcome the degradation becomes 
excessive. Once this threshold is reached, the communication 
can be transferred to the secondary satellite that is used to 
provide an alternative signal path. 

Control signaling to transfer the communication link can 
take place from the traf?c channel on the primary link or, if 
degradation is particularly high, using a secondary paging 
channel. In a system 200 embodiment where the satellites 210 
and 220 are geostationary satellites, the transition may not be 
seamless. In a geostationary system there may be a 1/2 second 
round trip communication delay. Therefore, it may take 1-2 
seconds to transfer the communication between satellites. It is 
not necessary to elevate the power of the overhead channels 
on the secondary satellite because the secondary satellite is 
typically used for clear communication paths. If the primary 
path is blocked or otherwise heavily attenuated and the sec 
ondary path is blocked or lightly attenuated the communica 
tion link may drop. 

Because the secondary satellite channel has a relatively 
weak overhead signaling and a few light traf?c channels there 
is hardly any interference effect felt on receivers of signals 
from the primary satellite. This gives the advantage of satel 
lite diversity without paying the high power needed of a 
system using simultaneous transmission by multiple satel 
lites. 

FIG. 4 is a ?owchart of an embodiment of a method 400 of 
providing satellite diversity. The method 400 can be imple 
mented, for example, in the system 200 of FIG. 3. The method 
400 begins at block 410 after the initial communication link is 
set up on a traf?c channel of the primary satellite. 
At block 410 the system transmits the signal to the mobile 

station over the traf?c channel of the primary satellite. The 
system proceeds to block 420 and monitors for signal fade. As 
noted above, the mobile station can be con?gured to monitor 
the signal quality of the forward link paths from the multiple 
satellites. In one embodiment, the mobile station can be con 
?gured to determine the RSSI values of the primary and 
secondary pilot signals. The mobile station can then be con 
?gured to report the values back to the ground station in a 
reverse link overhead message, such as in a power control 
message reported on a paging channel. 

The system proceeds to decision block 430 to determine if 
the fade exceeds a predetermined threshold. In one embodi 
ment, a QoS module in the ground station compares the 
reported RSSI values to predetermined thresholds. The RSSI 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
corresponding to the primary satellite can be compared 
against a ?rst threshold value and the RSSI value from the 
secondary satellite can be compared against a second prede 
termined threshold. The system may determine that the pri 
mary satellite path is fading or otherwise attenuated based in 
part on the comparison of the RSSI of the primary satellite to 
the corresponding threshold. If the RSSI does not exceed the 
threshold, the system may determine a fade has occurred. 
Provided the RSSI of the secondary satellite is above its 
threshold the communication link can successfully be trans 
ferred to the secondary satellite. 

If the system determines that a fade has not occurred, the 
system returns to block 410 and continues to support the 
communication link using the primary satellite. However, if 
in decision block 430 the system determines that the fade is 
greater than an acceptable threshold the system proceeds to 
block 440. 

In block 440 the system transfers the communication link 
to the secondary satellite. The mobile station can be informed 
of the transfer using, for example, control signaling that is 
included on the traf?c channel of the primary satellite prior to 
the transfer or on a paging channel of the secondary satellite. 
The system begins transmitting the traf?c channel signal 
using the secondary communication satellite. The system 
proceeds to block 450 and ceases transmitting the traf?c 
channel on the primary satellite. 
Once the system has transferred the communication link to 

the secondary path, the system may allow the communication 
to continue over the secondary link until the link is termi 
nated, for example, by a user of the mobile station. However, 
in order to maintain minimal traf?c loading on the secondary 
link, the system may be con?gured to transfer the communi 
cation link back to the primary satellite when the primary path 
recovers from a degraded condition. 

The system proceeds to decision block 460 to determine if 
the fade condition experienced by the primary path has dimin 
ished. In decision block 460, the system can compare the 
RSSI values reported by the mobile stations against the pre 
determined thresholds. If the system determines that the RSSI 
value of the primary path does not exceed the predetermined 
threshold, the system may return to block 440 and continue to 
support the communication link over the secondary satellite. 

Returning to decision block 460, if the system determines 
that the RSSI value of the primary path has returned to an 
acceptable value, such as when the RSSI value exceeds the 
predetermined threshold, the system may determine that the 
fade condition is over. The system can proceed from decision 
block 460 to block 470. The system proceeds to transfer the 
communication link back to the primary satellite. As before, 
the system can use control signaling to inform the mobile 
station of the change in the communication link. At block 470 
the system sets up the primary channel to carry the forward 
link signal. After setting up the primary channel, the system 
proceeds to block 472 and transmits the signal on the primary 
satellite beam. The system then proceeds to block 474 where 
the system ceases transmitting on the secondary satellite. The 
system then returns to block 420 and continues to monitor for 
a signal fade. The system can continue to perform the method 
400 until the communication link is terminated, for example, 
by the user of the mobile station or by a user or system 
communicating with the mobile station. 

FIG. 5 is a ?owchart of a method 500 of providing satellite 
diversity. The method 500 can be performed, for example, by 
the ground station of the communication system of FIG. 3. 
The method 500 begins at block 510 where the ground 

station provides the forward link signal to the primary satel 
lite, which may be a primary satellite repeater. The ground 
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station proceeds to block 520 and receives the pilot RSSI 
values reported by the mobile station. 

The ground station proceeds to block 522 and compares the 
received RSSI values to the predetermined thresholds. At 
decision block 530, the ground station determines if the pri 
mary RSSI is greater than the threshold. If it is, the ground 
station returns to block 510 and continues to transmit the 
signal to the primary satellite. 

Returning to decision block 530, if the RSSI is not greater 
than the threshold, the ground station proceeds to block 540 
and stops transmitting to the primary satellite. The ground 
station proceeds to block 542 and begins transmitting to the 
secondary satellite. In other embodiments, the ground station 
may make the communication link with the secondary satel 
lite before breaking the link with the primary satellite. 

The ground station then proceeds to block 550 and receives 
the pilot RSSI values from the mobile station. At block 552 
the ground station compares the received RSSI values to the 
thresholds. The ground station proceeds to block 560 to deter 
mine if the primary communication path can sustain the com 
munication link. If not, the ground station proceeds back to 
block 542 and continues to transmit to the secondary satellite. 

Returning to decision block 560, if the ground station 
determines that the RSSI value exceeds the threshold the 
ground station proceeds to block 570 and sets up the primary 
channel for transmission over the primary satellite. The 
ground station then proceeds to block 572 and provides the 
signal to the primary satellite for transmission. The ground 
station proceeds to block 574 and terminates transmitting to 
the secondary satellite. The ground station proceeds back to 
block 520 and receives the pilot RSSI that is an indicator of 
the quality of the communication link. The ground station 
continues to perform the method 500 until the communica 
tion link drops or is other wise terminated. 
A system and method of satellite diversity is disclosed. The 

disclosed systems and methods allow for diversity in a satel 
lite communication system by incorporating system func 
tionality in multiple satellites. In one embodiment, two sat 
ellites are used and each satellite functions as an in-orbit spare 
for the other satellite. Each satellite supports two beams and 
the beams of the satellites illuminate regions that substan 
tially overlap. Each satellite is a primary satellite for one of 
the beams and is the secondary satellite for the other beam. 
The primary beam of the ?rst satellite corresponds to a region 
which corresponds with the secondary beam of the second 
satellite. 
The system is able to achieve reliable communications by 

setting up communications on the primary satellite and trans 
ferring communications to the secondary satellite when the 
communication path over the primary satellite is degraded. 
The secondary satellite is minimally loaded because it carries 
relatively weaker overhead signals and carries traf?c chan 
nels that correspond to degraded primary communication 
links. Thus, the secondary satellite contributes a minimal 
interference signal to the primary communication link. 

The various illustrative logical blocks, modules, circuits, 
and algorithm steps described in connection with the embodi 
ments disclosed herein may be implemented as electronic 
hardware, computer software, or combinations of both. To 
clearly illustrate this interchangeability of hardware and soft 
ware, various illustrative components, blocks, modules, cir 
cuits, and steps have been described above generally in terms 
of their functionality. Whether such functionality is imple 
mented as hardware or software depends upon the particular 
application and design constraints imposed on the overall 
system. Persons of ordinary skill in the art may implement the 
described functionality in varying ways for each particular 
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application, but such implementation decisions should not be 
interpreted as causing a departure from the scope of the dis 
closure. 
The various illustrative logical blocks, modules, and cir 

cuits described in connection with the embodiments dis 
closed herein may be implemented or performed with a gen 
eral purpose processor, a digital signal processor (DSP), a 
Reduced Instruction Set Computer (RISC) processor, an 
application speci?c integrated circuit (ASIC), a ?eld pro 
grammable gate array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardware 
components, or any combination thereof designed to perform 
the functions described herein. A general purpose processor 
may be a microprocessor, but in the alternative, the processor 
may be any processor, controller, microcontroller, or state 
machine. A processor may also be implemented as a combi 
nation of computing devices, for example, a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP core, 
or any other such con?guration. 
The steps of a method, process, or algorithm described in 

connection with the embodiments disclosed herein may be 
embodied directly in hardware, in a software module 
executed by a processor, or in a combination of the two. A 
software module may reside in RAM memory, ?ash memory, 
non-volatile memory, ROM memory, EPROM memory, 
EEPROM memory, registers, hard disk, a removable disk, a 
CD-ROM, or any other form of storage medium known in the 
art. An exemplary storage medium is coupled to the processor 
such the processor can read information from, and write 
information to, the storage medium. In the alternative, the 
storage medium may be integral to the processor. Further, the 
various methods may be performed in the order shown in the 
embodiments or may be performed using a modi?ed order of 
steps. Additionally, one or more process or method steps may 
be omitted or one or more process or method steps may be 
added to the methods and processes. An additional step, 
block, or action may be added in the beginning, end, or 
intervening existing elements of the methods and processes. 
The above description of the disclosed embodiments is 

provided to enable any person of ordinary skill in the art to 
make or use the disclosure. Various modi?cations to these 
embodiments will be readily apparent to those of ordinary 
skill in the art, and the generic principles de?ned herein may 
be applied to other embodiments without departing from the 
spirit or scope of the disclosure. Thus, the disclosure is not 
intended to be limited to the embodiments shown herein but is 
to be accorded the widest scope consistent with the principles 
and novel features disclosed herein. 

What is claimed is: 
1. ground station con?gured for operation in a satellite 

diversity system including: 
a plurality of satellites including a ?rst satellite from the 

plurality of satellites con?gured to provide a ?rst beam 
as a primary beam, supporting a ?rst region, and a sec 
ond beam supporting a third region simultaneously sub 
stantially overlapping a second region; 

a second satellite from the plurality of satellites con?gured 
to provide a ?rst beam as a secondary beam supporting 
the second region, and a second beam supporting a 
fourth region simultaneously substantially overlapping 
the ?rst region; 

the ground station con?gured to: 
transmit a forward link traf?c signal to the ?rst region via 

the ?rst satellite during a period of time when a commu 
nication path through the ?rst satellite is not degraded; 
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transmit the forward link traf?c signal to the ?rst region via 
the second satellite during the period of time that the 
communication path through the ?rst satellite is 
degraded; 

receive signal metrics relating to the forward link traf?c 
signal from a device and determine based at least in part 
on the signal metrics whether the communication path 
through ?rst satellite is degraded; 

direct the device to vary transmit power to maintain a 
reverse link signal with at least the ?rst satellite and the 
second satellite from the plurality of satellites; 

receive at least a ?rst reverse link signal from the ?rst 
satellite and a second reverse link signal from the second 
satellite; and 

combine the ?rst and second reverse link signals. 
2. The system of claim 1, wherein the ?rst satellite is 

further con?gured to transmit a ?rst overhead signal at a 
signal power that is at least a predetermined link margin 
above a minimum power level required to establish a link with 
the device in the ?rst region; and wherein the second satellite 
is further con?gured to transmit a second overhead signal that 
is at a signal power at least greater than the minimum power 
level required to establish the link with the device in the ?rst 
region. 

3. The system of claim 2, wherein the predetermined link 
margin is greater than or equal to 5 dB. 

4. The system of claim 2, wherein the second satellite is 
con?gured to transmit the second overhead signal at a signal 
power that is at least 1 dB greater than the minimum power 
level. 

5. The system of claim 2, wherein the ?rst overhead signal 
comprises a ?rst pilot signal. 

6. The system of claim 2, wherein the second overhead 
signal comprises a second pilot signal. 

7. The system of claim 1, wherein the ground station is 
further con?gured to transmit an additional signal to the sec 
ond region via the second satellite during a period of time 
when a communication path through the second satellite is 
not degraded, and con?gured to transmit the signal to the 
second region via the ?rst satellite during the period of time 
that the communication path through the second satellite is 
degraded. 

8. The system of claim 1, wherein the signal metrics com 
prise Received Signal Strength lndication (RSSI) values 
determined by the device in the ?rst region of a ?rst overhead 
signal transmitted by the ?rst satellite and a second overhead 
signal transmitted by the second satellite. 

9. The system of clam 8, wherein the ?rst and second 
overhead signals comprise, respectively, ?rst and second pilot 
signals. 

10. A satellite diversity system comprising: 
a forward link transceiver within a satellite, con?gured to 

receive a ?rst forward link signal from a ground station 
and transmit the ?rst forward link signal in a ?rst satellite 
beam corresponding to a ?rst region for which the sat 
ellite is designated from a plurality of satellites as a 
primary satellite, and farther con?gured to receive a 
second forward link signal from the ground station and 
transmit the second forward link signal in a second sat 
ellite beam corresponding to a second region for which 
the satellite is designated from the plurality of satellites 
as a secondary satellite, the second region simulta 
neously substantially overlapping a region for which 
another satellite is designated to provide primary sup 
port; and 

a reverse link transceiver within the satellite con?gured to 
receive reverse link signals associated with the ?rst and 
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second forward link signals from at least the ?rst and 
second regions, and con?gured to transmit the reverse 
link signals to the ground station; 

wherein the satellite is designated as a primary satellite in 
response to one or more signal metrics relating to the 
forward link signal sent from a device within the ?rst 
region to the ground station, and wherein the satellite is 
designated as a primary satellite based at least in part on 
the signal metrics received by the ground station from 
the device; and 

wherein the ground station is con?gured to direct the 
device to vary transmit power to maintain a reverse link 
signal with at least the ?rst satellite and the second 
satellite from the plurality of satellites; receive at least a 
?rst reverse link signal from the ?rst satellite and a 
second reverse link signal from the second satellite; and 
combine the ?rst and second reverse link signals. 

11. The system of claim 10, wherein the forward link 
transceiver is further con?gured to transmit in the ?rst satel 
lite beam a ?rst overhead signal at a signal power that is at 
least a predetermined link margin above a minimum power 
level, and wherein the forward link transceiver is further 
con?gured to transmit a second overhead signal in the second 
satellite beam at a signal power less than the signal power of 
the ?rst overhead signal. 

12. The system of claim 11, wherein the predetermined link 
margin is greater than or equal to 5 dB. 

13. A satellite diversity system comprising: 
a gateway transceiver con?gured to selectively transmit a 

forward link signal to one or both of a ?rst satellite and 
a second satellite from a plurality of satellites and further 
con?gured to receive signal metrics relating to the for 
ward link signal from a device; direct the device to vary 
transmit power to maintain a reverse link signal with at 
least the ?rst satellite and the second satellite from the 
plurality of satellites; receive at least a ?rst reverse link 
signal from the ?rst satellite and a second reverse link 
signal from the second satellite; and combine the ?rst 
and second reverse link signals; 

a quality of service module coupled to the gateway trans 
ceiver and con?gured to determine if a communication 
path through the ?rst satellite is degraded, based at least, 
in part on the signal metrics; and 

a link control module coupled to the quality of service 
module and con?gured to control the gateway trans 
ceiver to transmit the forward link signal to the ?rst 
satellite to be relayed to the device if the communication 
path through the ?rst satellite is not degraded, and con 
?gured to control the gateway transceiver to transmit the 
forward link signal to the second satellite to be relayed to 
the device if the communication path through the ?rst 
satellite is degraded. 

14. The system of claim 13, wherein the gateway trans 
ceiver is con?gured to perform coherent combining of the 
?rst and second reverse link signals. 

15. The system of claim 13, wherein the quality of service 
module is con?gured to determine if the communication path 
through the ?rst satellite is degraded based at least in part on 
signal metrics received by the gateway transceiver in reverse 
link signals. 

16. The system of claim 15, wherein the signal metrics 
comprise a pilot signal strength value from the ?rst satellite 
and a pilot signal strength value from the second satellite 
determined by a device con?gured to receive the signals from 
the ?rst and second satellites. 
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17. The system of claim 15, wherein the gateway trans 
ceiver is con?gured to receive the signal metrics on a reverse 
link paging channel. 

18. A ground station con?gured to operate in a satellite 
diversity system including a ?rst satellite from a plurality of 
satellites having a ?rst beam providing coverage for a ?rst 
region and a second beam providing coverage for a second 
region, the ?rst satellite con?gured as a primary satellite for 
the ?rst region and a secondary satellite for the second region; 
a second satellite from the plurality of satellites having a ?rst 
beam providing coverage for a third region that simulta 
neously substantially overlaps the ?rst region and a second 
beam providing coverage for a fourth region that substantially 
overlaps the second region, the second satellite con?gured as 
a primary satellite for the fourth region and a secondary 
satellite for the third region; 

the ground station con?gured to: 
transmit a ?rst forward link traf?c signal to a ?rst device in 

an overlapping portion of the ?rst and third regions via 
the ?rst satellite when a signal metric relating to the ?rst 
forward tra?ic link signal reported by the ?rst device is 
greater than a predetermined threshold; 

transmit the ?rst forward link traf?c signal to the ?rst 
device via the second satellite when the signal metric is 
not greater than the predetermined threshold; 

direct the device to vary transmit power to maintain a 
reverse link signal with at least the ?rst satellite and the 
second satellite from the plurality of satellites; 

receive at least a ?rst reverse link signal from the ?rst 
satellite and a second reverse link signal from the second 
satellite; and 

combine the ?rst and second reverse link signals. 
19. A method of providing satellite diversity, the method 

comprising: 
illuminating a ?rst geographic region using a ?rst beam of 

a plurality of beams from a ?rst satellite of a plurality of 

satellites; 
simultaneously illuminating a second geographic region 

substantially overlapping the ?rst geographic region 
using a ?rst beam of a plurality of beams from a second 
satellite of the plurality of satellites; 

transmitting a forward link traf?c signal to a device posi 
tioned in a ?rst geographic region using the ?rst beam of 
the ?rst satellite; 

determining if a communication link from the ?rst satellite 
to the device is degraded by receiving signal metrics 
relating to the forward link traf?c signal from the device 
comparing at least one of the signal metrics to a prede 
termined threshold; 

determining the communication link is degraded if the at 
least one of the signal metrics does not exceed the pre 
determined threshold; 

transmitting the forward link traf?c signal to the device 
using the ?rst beam of the second satellite if the com 
munication link from the ?rst satellite is degraded; 

directing the device to vary transmit power to maintain a 
reverse link signal with at least the ?rst satellite and the 
second satellite from the plurality of satellites; 

receiving at least a ?rst reverse link signal from the ?rst 
satellite and a second reverse link signal from the second 
satellite; and 

combining the ?rst and second reverse link signals. 
20. The method of claim 19, wherein the ?rst satellite 

comprises a primary satellite for the ?rst beam of the ?rst 
plurality of beams and the second satellite comprises a sec 
ondary satellite for the ?rst beam of the second plurality of 
beams. 
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21. The method of claim 19, wherein determining if the 

communication link is degraded comprises determining if the 
signal from the ?rst satellite is faded. 

22. The method of claim 19, wherein receiving signal met 
rics comprises; receiving a ?rst satellite pilot signal strength 
value from the device; and receiving a second satellite pilot 
strength value from the device. 

23. The method of claim 19, wherein comparing the at least 
one of the signal metrics to the predetermined threshold com 
prises comparing a received ?rst satellite pilot strength value 
to the predetermined threshold. 

24. The method of claim 19, wherein receiving signal met 
rics comprises receiving signal metrics from a device over a 
reverse link paging channel. 

25. The method of claim 19 receiving signal metrics com 
prises: receiving a ?rst reverse link signal from the ?rst sat 
ellite; receiving a second reverse link signal from the second 
satellite; combining the ?rst reverse link signal with the sec 
ond reverse link signal to produce a combined reverse link 
signal; and determining the signal metrics from the combined 
reverse link signal. 

26. A satellite diversity system comprising: 
means for transmitting a forward link traf?c signal to a 

device positioned in a ?rst geographic region using a 
?rst satellite from a plurality of satellites; 

means for receiving signal metrics relating to the forward 
link traf?c signal from the device; 

means for comparing at least one of the signal metrics to a 
predetermined threshold; means for selecting an alter 
native signal path if the at least one signal metric is not 
greater than the predetermined threshold; 

means for transmitting the signal to the device using a 
second satellite from the plurality of satellites which 
simultaneously supports a region substantially overlap 
ping the ?rst geographic region if the alternative signal 
path is selected; 

means for directing the device to vary transmit power to 
maintain a reverse link signal with at least the ?rst sat 
ellite and the second satellite from the plurality of satel 
lites; 

means for receiving at least a ?rst reverse link signal from 
the ?rst satellite and a second reverse link signal from 
the second satellite; and 

means for combining the ?rst and second reverse link sig 
nals. 

27. A ground station employing code division multiple 
access (CDMA) con?gured for operation in a satellite diver 
sity system including: 

a plurality of satellites including: 
a ?rst satellite con?gured to simultaneously serve as a 

primary satellite for a ?rst designated region and a sec 
ondary satellite for a second designated region, the ?rst 
designated region being entirely distinct from the sec 
ond designated region; and 

a second satellite con?gured to simultaneously serve as a 
primary satellite for the second designated region and a 
secondary satellite for the ?rst designated region; 

the ground station con?gured to: 
transmit a forward link traf?c signal to the ?rst designated 

region via the ?rst satellite during a period of time when 
a communication path through the ?rst satellite is not 
degraded; 

transmit the forward link traf?c signal to the ?rst desig 
nated region via the second satellite during the period of 
time that the communication path through the ?rst sat 
ellite is degraded; 
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receive signal metrics relating to the forward link tra?ic receive a ?rst reverse link signal from the ?rst satellite and 
signal from a device and determine based at least in part a second reverse link signal from the second satellite, 
on the signal metrics Whether the communication path and con?gured to combine the ?rst and second reverse 
through ?rst satellite is degraded; link signals. 

direct a device to vary transmit power to maintain a reverse 5 
link signal With at least the ?rst satellite and the second 
satellite from the plurality of satellites; and * * * * * 
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